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;-Jy-RCPH" I " S'JRFACS COATINGS 

BacKjrcunri of the Tr.venti3n 
Several methods are available to improve the 
wettability of polymers, many of which are hydrophobic. 
These methods include corona discharge, gas plasma 
exposure, flame treatment, and acid etching. All of 
these result in some level of surface oxidation. 
However, the wettability introduced by these processes 
degenerates after treatment, particularly when exposed to 
aqueous washing, elevated temperatures, or even simply 
storage in air. 

Summary the invention 
This invention relates to a hydrophilic article 
for use in aqueous environments. The article includes a 
substrate, an ionic polymeric layer on the substrate, and 
a disordered polyelectrolyte coating which is lonically 
bonded to the ionic polymeric layer. The article, for 
example a contact lens, has a durable hydrophilic 
coating. Examples of aqueous environments are animal or 
plant fluids, water-based inks, treated cr untreated 
water, and the media used in cell cultures and 

bioreactors . 

The substrate may be selected from a range of 
geometries and materials. The substrate may have any 
texture, such as porous, nonporous , smooth, rough, even 
or uneven. The substrate supports an ionic polymeric 
layer . 

The ionic polymeric layer on the substrate has 
; ionic or icnizable groups on a polymer surface. These 
groups may or may not be in the bulk of the polymeric ^ 
layer. Examples of ionic or ionizable groups are -COO', 
sulfate, and primary, secondary, or tertiary amines. The 
oolvmeric layer is a polymer or copolymer of thermoset, 
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and/ or r.yarapn.-ic 
ne acsence c: .on.c or ^ni.eu ^ 
aver may re .r/^opn***- 



-eracplas:::. o : oaecradac le 
colters. In 
r c - '<Tier i r 



^i,rm^r-^r i aver is icmcally bonded to a 
a .-sordered, oolyeiectroiyt. coat:nq. 
' "..ages formed by use of a coupling agent nor ccvaient 
^ K aces between the polvelectrolyte coating and the 
"^c'polymeric layer. Of course, Van der Waals forces 
and hydrogen bonds .ay or .ay not be present. 

^he polvelectrolyte coating includes one or more 
" poiyelectrolytes, which are generally nigh molecular 

- -„Hinip ionic or lonizable 
weight pollers with multiple ion^ 

actional' groups. At least one polvelectrolyte in tne 
polvelectrolyte coating has a charge opposite to the 
•s overall charge of the ionic polymeric layer. The 
" ooive^ectroivte coating may also contain other elements, 
such as neutrally charged or bioactive molecules 
Preferably, the coating forms a non-neutral complex, 
S1 nce the biocompatible, wettable, and wiOcing properties 

ll( . oH Da r- to the presence of 
cf the article are related, i... pa 

charged croups. . ^ , . , 

A disordered oolyeiectrolyte coating refers 
two or .ore poiyelectrolytes that are intermixed, wnere 
tne polvelectrolytes may be of the same or different 
- charge;' one or more poiyelectrolytes that in.i.-a- 

" the ionic polyene layer where (a) at least one 

Polvelectrolyte is of the same charge sign as the loni 
grout* associated with the ionic polymeric layer, ana <b, 
-here is some degree of chain entanglement; (m) a 
~ ^ve'ec-clvte intermixed with a non-poly lectroiyte 
" Id- — ve such as bioactive compounds such as heparin; 
and (iv) combinations of the above, including 
combinations with poiyelectrolytes or non- 
poiyelectrolytes that are not intermixed or tha d not 
filtrate the ionic polymeric layer, provided .ha. -he 
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coating includes a: least one infiltrating cr intermixed 
pc iyelectrc lyte . 

Without intending to be bound, a polymer with 
snort nydrcphilic functional groups may seek a 
s thermodynamic equilibrium, through the free rotation of 
the polymer backbone. Hydrophilic groups create a high- 
energy state and thus are gradually buried into the bulk 
of the material by rotational or diffusional migration. 
It is believed that multiple ionic anchors immobilize the 

:c polyeiectroiyte backbone, which hinders molecular 

rotation and the subseguent loss of hydrophiiicity . This 
phenomenon is a chain entanglement between the 
polyeiectroiyte and the ionic polymeric layer. The 
disordered polyelectrolyate coating is lonicaily 

is anchored, rather than physically adsorbed, onto the ionic 
polymeric layer, which may make the coating less 
susceptible to mechanical abrasion or hydrolytic 
decomposition . 

One aspect of the present invention includes 

:c durable hydrophilic articles having a porous substrate. 
An example of such an article is the porous retaining 
matrix used in the immunoassay of an HCG pregnancy test 
kit. Other examples include a pH test strip, a 
bioreactor microcarr ier , an implantable drug release 

25 device, and a filter. The polymeric layer is preferably 
polystyrene, polyester, polyethylene , polypropylene , 
polymethylmethacrylate, polyglycolic acid or polylactic 
acid, and the polyeiectroiyte coating is preferably 
polyethy leneimine . 

20 A drop of water placed on the disordered 

polyeiectroiyte coating of a porous article is rapidly 
absorbed in less than 1 second after the article is 
exposed for 3 months to dry storage at 25°C or aqueous 
storage at 50°C. Comparable stability is observed after 

35 6 months or longer. In addition, a drop of water placed 
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- 4 - 

- .-p coatmq cf a corous 

cn a jiscraerec po.ye.ectr^-e ^ 0d "^ 

«^ — -ocs -nan 2 seconds, and 
_:::" e :. D -., less thar. : second, after 20 ultrasonic wash 
= 'iiydrcphilicity also remains high after 60 and 9C 

■i'*^ascnic wash cycles. 

mother aspect of the invention includes durable 

lydrcchilic articles wherein the substrate is 
osculate. Espies ot .ue» nicies Includ. powd.r,. 
he'ads. .ierocrrUr.. or tables. The polyene layer is 
orererabiv oclystyrene , polyester, polyethylene 
^yprcpvlene. polymethylmethacrylate, polyglycolic acid 
oo'vlactic acid, and the polyeleotrolyte coating is 

"not be porous. A powder having a disordered 
oiveiectrclyte coating is stable, and a drop < .water 
added to an a-ount =f such a powder will b. absorbed, 

rather than form a bead. 

A r h ^d aspect of the invention includes 
biomedical or biocompatible articles, where the initial 

- advancing water contact angle of the disordered 

oolyelectrolvte coating is less than 56'. Examples of 
^c articles are intraocular lenses or other ophthalmic, 
orostnetic, or implantable articles or devices.^ 
referred materials for the polymeric layer mc.ude 

■ 6 polvethvlene, polypropylene, polyglycolic acid, 

' " ■ -a no wester a polymer or copolymer or 

polylactic acid, polyester, v i 

si^cone, and a polymer or copolymer of poly-2- 
.vdrcxvethvlmethacrylate, such as a copolymer of a 

C clymer and poly-2-hydroxy lethy 1-methacry late . 
3= , ne pclyelectrolyte coating is preferably 

polvethyleneimine. ^„i-»r*- 
" In general, the initial advancing water contac. 
angle of the disordered pclyelectrolyte " 
sallier than the advancing water contact an « 
3S substrate before the coating is app.-ed. 
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is at least Z C - , and may :e greater than or equal to 2C°, 
5C°, :r ever. *" 0 3 . Thus, after the coating nas been 
apciied, the initial advancing water contact angle is, 
for example, less than 56 3 or less than 4 5 3 or 35 a . 
s Before the coating is applied, a biomedical 

suostrate preferably nas an advancing water contact 
angle, for example, greater than 95*, 100° , or 110°. 
Such high water contact angles represent relatively low 
hydrophilicity or high hydrophobicity . After five and 
o even fifteen ultrasonic washes, the disordered 

polyeiectrolyte coating of the dried biomedical article 
has an advancing water contact angle less than 70°, and 
may be less than 60° or less than 45°. Even after 
exposure at 121-I25°C for 15 or 30 minutes in an 

.5 autoclave and cooling to room temperature, the advancing 
water contact angle of the coating is less than 60°. The 
coating is also resistant to extraction with organic 
solvents or detergents, as represented by an advancing 
water contact angle of less than 60° after extraction 

:: with methanol for 2 hours or even 13 hours. Other 
methods to measure hydrophilicity may be used to show 
resistance to environmental conditions cr normal use. 

The hydrophilicity or wettability of articles of 
the invention is resistant to one or more of the 

:s following: changes in pH, elevated temperatures, 

exposure to detergents or organic solvents, mechanical 
stress, abrasion, and repeated ultrasonic washings. 
Examples of articles of the invention which are suitable 
for long-term or multiple use applications include: hard 

3C and soft contact lenses, printing components, electrodes, 
bone replacement components, and in vitro retaining 
matrices for diagnostic test kits. 

Other features and advantages of the present 
invention will be apparent from the following description 
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a ; so from the appending 
-ne =ref erred emcc-diaier. -a , 3,.c a. 

claiaS ' _ n « -h~ ^nnriiments 

- lfe;r ,P "" . , ,_ es articles having a 

d;sordered pc ly . ; e . Tne poly , e riC 

icnic poi-Z-r.c .aver =n or on 

=i — . . nair of paraixei 

C1 r=uur subs-rat. i subs trate, or (Ui) 

polymeric "rips across a c substrate . For 

any pattern =. POly-r« -a.er. ° ^ ._„ e 

n ost embodiments, how.ver P ^ ^ ^ 
polymeric layer is on mos. o- 

5 substrate. as o£ tfte polymeric 

"-° nlC ^ted areas "r example, ionic groups 
'aver, or on selected areas. 

be ( - ) -ormed in a concentric increasing or 
can be „ ar , e ae „ S ity across a 

decreasing gradient = > sur. ^ ^ ^ ^ generally 

* =-='^« »« l *»« ie lIV " ""I on.-n»lf <M area 

uniform surface cn.ro. — li£f . r . nt surface 
of «. polymeric layer, or <n- •»« , 

,„^. ies between tne polymer— layer 
cr.aro. dens---es d out . er 
~r. or cnannel and tne polymer- layer 
:! jr^ace of tne article. In most embody. . ^ 
preferable for tne ionic group t « « 
tne polymeric layer. Similar y,« to . U 

polyeiectrolyte coating * 3elect ed areas. 

"™ "J^irr'a^ Poly-eotrolyte 
r;;.!:;;';:: ionically bonded to most or all areas of 

the ionic polymeric layer. artic le made of 

~- nf the invention is an aniw 
One aspect of tne in po lymeric 

a substrate tnat is a frame or gri . - as . P^ 

n or metal ring, with an empty center 



a 

30 

coating 



WO 96/ 18498 



PCTTS9</ 16539 



-entrane layer stre-cr.es across tr.e r.cie ar.c contacts the 
sucstrate aicr.c tr.e perimeter or circuaf erence of the 
ring suostrate. The polymeric layer has two faces, one 
sr. eacr. side of the ring. One or both faces of the 
; polymeric memcrane nay have ionic groups. A disordered 
polyelectroiyte coating is ionicaily bonded to at least 
one face of the ionic polymeric membrane, forcing at 
least one hydrophilic surface. Thus, this article may 
have a polyelectrolyyte coating on one or both sides of 
the ionic polymeric layer. 

An article may have more than one such frame or 
grid. For example, an article may be a cube, wherein the 
twelve edges of the cube are the substrate. The six 
square sides of the cube are the ionic polymeric layer, 
wherein each of the six, square ionic polymeric membranes 
has an inner face and an outer face. The disordered 
pciyeiectro-lyte coating can be ionicaily bound (i) to 
the outer (or inner) faces of six sides, (ii) to the 
outer faces of five sides and to the inner face of the 
sixth side, or ,'m; m any manner to direct the passage 
or air r us ion cf an aqueous solution through the cube. 

Another article of the invention has an ionic 
polymeric hydrogei layer lonicallly bonded to a 
disordered poiyeiectroiyte coating containing only one 
polyelectroiyte, such as polyethyieneimine . A hydrogei 
polymer may be a copolymer of silicone polymers and poly- 
2-nydroxyethyimeth-acrylate. An example of such an 
article is an oxygen-permeable contact lens with a high 
D/K value. Another article of the invention has an icnic 
polymeric layer ionicaily bonded to a disordered 
polyelectroiyte coating containing two polyelectrolytes 
of opposite charges. 

A substrate may be made of any material, provided 
that a polymeric surface may be bonded to at least some 
area of the substrate. The substrate may be made of 
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> «o'yaer, which may 
metal, cerami-, ,-«s. . ool y*eric layer 

_ j;** e r«*nr DQj-'/^er as — . 
■ se the same a. a--- - 00 rous . An 

j - e --v and may cr may no. oe ? 
discussed =e--w. an rat e and a 

1 e wtv c K nas a sues — » 
example of an artic- - - , s a fabric made of 

■r- ^ver of the same mater.a- 
-o'^eric layer 



Goivoropylene. ^ su ^ a ce wirh one or 

, or e pores, for example o a^ ^ ^ 

0.01 microns and 1 »». <- non -woven, compressed 

nonflat surface, sue. as combination of 

or-ned material, or 
perforated, or st-hed . con s t d«rably lar,.r 

;u and <U! • X pore « surface oS CB e 

-.han X and 'Tine other .id.. A 

suB strate ^^ on havl „, . su B strate 

^^ UC ; r :t: e : around 50 microns or Ura.r, 
with pores of a a-arc . o nave no 

such as 200 to 500 microns, - complete ly wet 

M ..ur.bl. water contact ^ are appll .d to 

UBen °"* °I "er than jading, ««r drops 
. -Re coating surface. S«n hydr ophil-c 

are rap.dly absorbed cr , include 

surf ace material, -xaap ^ric... PO»u. 

nonwoven and woven fabrics, 

:s » e " Bra ^ oro r-i=" J — « 

chromatographic aatriCM ""tr^ Mobilization, and 

Dre paration/filtration, reager ng matrix use d 

reaqent delivery. An ""^^ ^ retain so lids or 
in sample preparation is a extracts to 

:: c . u .. whii* — J r ain i„ g matrix may retai, 

pass throuoh. m as an antlb ody. Such an 

35 selectively bound the ^ 
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trie liquid sample as a whole ccn:.r:aes to move through 
tne retaining matrix. This can be considered a form of 
chromatography since the target component is separated 
from the test sample. in a third example, the retaining 
= matrix contains a dry reagent, such as an indicator or 
enzyme. As a sample such as blood or urine wets and 
spreads throughout the pcrous retaining matrix, the 
retained reagent is dissolved and released into the 
liquid sample. A retaining matrix need not be porous, 
c Porous matrices are suitable for reagent 

immobilization for several reasons, including (i) large 
surface area to volume ratio, (ii) greater reagent (e.g., 
protein; binding capacity, and (ill) superior continuous 
passage of a liquid either laterally or in a direction 
5 perpendicular to the plane of a membrane or other matrix. 
Retaining matrices are used for diagnostic and research 
purposes. Examples include the matrices in pH test 
strips, ELISA assays, glucose test strips, and HCG 
pregnancy dip sticks. 

A particulate substrata refers to particles having 
a largest average dimension between 1 micron and 3 cm. 
Particulates may be porous or non-porous, and may be 
spherical, oblong, cylindrical, granular, or of other 
shapes, irregular, or regular. Examples of particulate 
substrates include powders, disks, rods, tablets, and 
beads. Hydrophilic articles having particulate 
substrates include retaining matrices (see above for 
general discusion) , controlled drug release particles, 
wettable powders, and bioreactcr microcarriers . 

A biomedical substrate refers, in part, to the 
fields cf medicine, and the study of living ceils and 
systems. These fields include diagnostic, therapeutic, 
and experimental human medicine, veterinary medicine, and 
agriculture. Examples of medical fields include 
ophthalmology, orthopedics and prosthetics, immunology, 
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lccv , and surgery; nonliaitmq 



, e ^::cqv, cnarmac 

os - -.search fields :nc,ude cell cio.ogy, 
examp.es ~. -esear , b , 0 medical" also 
^.-oqv. and chemistry -he .er 

, - a And ccmccsi -~o~.s * 
relates to cneai-aiS anc — ^ 



«, rhat ( ; ) mediate a biologica- 

- «-w^>>- enures, taai. \ + / 

raqardieSS . ;..; , are in an ,n «« «~V « 

otner mode-, e.g., a or ganism. 

, or can be found within a 

assay, or U~) - separation 

. e ~r. "biomedical" also refers -o .he P 

" \p« such as those involving processes of 

sciences, such ^ £iltration . 

chromatography, osmosis, re 

Examples of biomedical «" CA Biomed icai 
cools , industrial, and consume PP x.c - 
articles include separa x« « articles 
articles, and ophthalnnc ar-^cle - ular lenses , 

include soft and hard contact lenses, 

rprractors or other surgical tools -ha. 
and forceps, retractors, 

- a n«c* eve or surrounding tissue. A preferred 

.ontac. -he ^ ^ of a 

tiomedica. artx-le Mahlv 
: silicon-containing hydrogel poly-r a i 

cer -,eable to oxygen. Separation ar — es 

osmosis and reverse osmosis membranes and 

:;;:; s is membranes, as well as biosurfaces such as 

"I-'.^al sfcins or other membranes. Implantable 

"!::;:; incll catheters, and segments of artifice 
15 ar.-.les incl article may be in more 

bene, joints, or ca.-.lag a ^ ficiai s km is a 

than one category, for example, an a.~ti 

ccrous, biomedical article. 

■ * r ,,i* ure articles are glass 

rv , m i es of cell cu^ -are atw 

> nTas" - ««i di. M .. and other "»•* . 

3C bealcers, plasty- pe^- A preferrec 

,n -issue culture or cell culture processes. a p 
le of a ceU culture article is a bioreactor 
Larger, a silicone poller matrix used m 
3iCr ° Ca blorea ctors, where the geometry, 

immobilizec ce. bioreacto . aicr0 carri« may 

35 porosity, and density of -he par 
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og controlled tc cpt;T,.:e perrcrmar.ee. Ideally, the 
2.:::carr:er is resistant to cnemicai or biological 
degradation, to Mich impact stress, to mechanical stress 
-'stirring;, and to repeated steam or chemical 
: sterilization. In addition to silicone polymers, other 
materials may also be suitable. 

This invention may also oe applied in che food 
industry, the paper printing industry, hospital supplies, 
diapers and other liners, and other areas where 
z hydrophilic, wettable, or wickmg articles are desired. 

An article of the invention has an ionic polymeric 
^ayer on the substrate. The polymeric layer may be a 
hcnopolymer or copolymer of thermoset, thermoplastic, 
iomzable, and hydrophilic polymers. Examples include 
5 ,;a; polyethylene, polypropylene, polystyrene, polyester, 
polycarbonates, silicone polymers, polyurethane , 
poiyamides , polyimides , polyalkylacrylates , 
pclyalkylmethacrylates, and fluorocarbon polymers; (B) 
po ly- 2 -hydroxy lethyimetha-cryiates , pclyhydroxy ialky I 
: nethacrylates , polyhydroxy la Iky 1 acryiates, polyacrylic 
amides, polymethacry lie amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; (C) 
polylactic acid, poiyglycoiic acid, polyglycolide-cc- 
^ae tides, poiydioxanones , poly ( glycol ide-co-tr methylene 
= carbonates) , polyethylene carbonates, 

poly immocarbonates , poly-/3-hydroxybutyrates , polyester- 
amides, polyorthoesters , polyanhydrides , and 
cyanoacrylates ; and (D) copolymers of members of (A), (3) 
and ; C) . The polymers of group (D) include copolymer 
combinations of members from groups such as (A) and (B) ; 
(B) and (C); (A) and (C) ; (A) and (A); and (A) and (B) 
and (C) . The polymeric layer is preferably selected from 
polyester, polypropylene, polystyrene, 

polymethylmethacrylate, polyethylene, poiyglycoiic acid, 
and polylactic acid. A polymeric layer can be made of 
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_ - 0 - ~<v*ers. Preferably, the polymeric -ayer 
C-s«cr'^s:sts essentially of one or more 
" -he fiance consists of up to 10% by weigh 



zc lymers 



- ' " „ fh9 a — such as one or more 
— add^-ves Known m the a.-, 
-corner =resslinlcing agents, or impurities. 

" ' Ar ,-.,c colder ic layer can be obtained by 

ve ~a< netVods Known in the art. Ionic groups may 
severa- ^ eu * uua ^^,r- 1 aver such as 

. PBU - -om a treatment of the polymeric layer, 
resu.. ac , d/baS e chemical modification, or 

?iasma ; aay have been incorporated into 

ionic or lonizabie f ; r = e i^ The 

bul* material •« «• P»^« 5 ml 

sign ot ch e in<ivl d»l ionic ^ «° M 

=S ar,e , f tne ionie P *-= £ J „ polyechyUne 

„ a -.* ive For example, a poxyiuc 
or negative. rut , electron beam 

nY , d ( zad by glow discharge plasma. eitc« 

:: , Li: , a„* x.» y « 

. ■ ., ^on-c crroup on the pOiYTner... 
-nan one kmc of .on.c g-° v 

As an example, an anionic polyene layer 

»i- treats o £ oxidUin, oases su=n as 

" In. =ar>on .ioxU.. — ™«^™^ y , 

s t „ cognation with «cH other or by 
inert cationic amonla , 

- P«ssu,e ,.. P^a ^^"^ hydroqen . These 

aii rr; - ;rir ^1;, - =0^^ 

gases may a^so oe - . , an i ner t qas. See 

, Q ^ < n combination with an meru g 

-0 each other, o- <-um In 

«. ,i u S. Pat. No. 4 , -s > -> 

3130 ' e ' q " ™ u=n as an acryLte, methacry late , or 
addition, a monomer such a tne poiymeric 

, inyi sulfonate may « inoorp ««-^°^ ^ 
la yer formulation. ^ ^ ^ ^ ^ oan 

,= NO. 4. 168. Treatment wi.n aq 
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a. 50 precipes an :cn;: polyene layer. The surface 
marge density snculd be preferably greater man 10%, 
e - ~ • :o% ' cr 50 %- altncugn .owe: surface charge 

densities may oe appropriate fcr some applications. 

Polyelectrclytes can be linear, crancned, or 
~ross^mKec p c ^ yrr. e r s or copolymers. ZxamDies include 
pclyethy leneimme , pclyionenes , poiyaminoalkyl 
methacry late , poiyviny Ipyridme , poly lysine, pclyacrvlic 
acid, pclymethacrylic acid, polysulfonic acid, polyvinyl 
sulfate, po lyacryiamido-2 -methyl- i-propanesuif onic acid, 
ana polystyrene sulfonic acid. Preferred 
poiyelectrolytes include po lyethy ieneimme and 
pclyacrylamido-2-methyl-l-propanesulf onic acid. Ionic or 
icnizable groups may be present in every repeat unit, cr 
only in some repeat units. The molecular weight of 
polyelectrclytes should be between 5,000 Daitons and one 
million Daitons, with higher molecular weights, for 
example, between 75,000 and 200,000 Daitons being 
preferred, to enhance the stability of the coating 
through increased chain entanglement or numbers of 
anchors. As an example, a substrate with an anionic 

polymeric layer can be dip-coated with a pclycaticnic 
solution, then dried m air or with a heat source. The 
polyelectrolyte solution contains, in this case, one or 
-ore positively charged poiyelectrolytes, and preferably 
has a pH between 5 and 10. Preferably, the solution is 
at room temperature, but it can also be at lower or 
higher temperatures, as easily determined by those 
skilled m the art. The soaking period is between a few 
seconds and a few hours, and is preferably 20-30 minutes. 
Other methods of application include spray, wash, vapor 
deposition, brush, roller, and other methods known in the 
art. in addition, a cationic polymeric layer may be 
obtained and similarly coated with solution containing a 
pclyanion . 
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— s .e-rcd is suitable for coating a variety of 
„ r . s .-a— cr^s, including films, sneers, rods, tu.es, 
t " : ' —eaular shapes,, riDers, 

fabrics, .nd P--- «« soUd „ por=us My 

are smooth or rougn, --at 

" =01t V t ... drying, the substrate »av - d iP -==a-- e = ««h 
one or more additional poiyelectrolyte or other 
S olu-ons. An additional solution may contain 

electrolytes of the same or different charge sign. 

des— able for some applications to pi. 

oa^nc of some complexity. For example, a complex 
bordered poiyelectrolyte coating ma, ' -elude non- 
^ «=-.-. 'ave-s of varying or alternating charges. 
' „; o ; a 'ternating surface coating densities; varying 

^ alternating surface charge densities.- and varying 
Lrees of intermixing. The char,, and thicKness of the 

v,. cont-olled bv altering poiyelectrolyte 
coating may be cont.olled ^ dip _ coac 

;: concentration, soaking time. ,H, Q , ordered 

— t-e extent that a -.Sickness of a d-s-rde. 
steps. - t..e ^ Mtujen 5 

ooating can be measu £ ^ =° ^ AngstroBS . «. 

- -::;/::-;ro^ 

otner polyelectrolytes and » ~ £ f „. or 

oolyelectrolyte solution, or may be app 
3C ; tt „ a dip-coat in another ~ ^"^^^ . OM 
oolyelectrolyte coating comprises polye. y 
or more additional polyelectrolytes or 

oar. be present in egual or >»»*» l ^^J^ 0 . 001 , 
Poiyelectrolyte solutions should be be w 

and m («/v,. and preferably between U and 
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Higner :cncer.tra:;:r.s may be suitao.e, cur nay also 
result m non-uniform coatings and longer drying times 
Aqueous solutions of pc lye 1 ectr ciyr es can have a pH 
between 4 to 1G. 3u::aoie solvents include alcohols, 
e.g., straight chain or orancned or aromatic alcohols, 
and pclyols such as glycol and ethylene glycol, or 
aqueous solutions thereof. Organic solvents such as 
chloroform and dimethy If crmanide may also be desirable 
for polymers such as polyethylene. One skilled in the 
art will easily be able to determine what solvent 
conditions are appropriate for a particular polymeric 
ia V Gr - In on e aspect of the invention, where the 

polymeric layer is a hydrogel polymer or copolymer, the 
solvent system can ce chosen to cause the polymeric layer 
to absorb some of the solvent and swell. Swelling the 
polymeric layer allows one or more polyelectroiytes to 
penetrate or infiltrate the polymeric layer. As 
discussed above, such infiltration is believed to enhance 
:ne dL ^ability or permanence of the hydrophilic coating. 

The durability of the hydrophilic coating can be 
determined by several methods including measuring water 
contact angles (see Examples section) . Advancing and 
receding water contact angles of the disordered 
pciyelectrolyte coating of the invention are measured by 
methods well known m the art, such as a computer-video 
processed goniometer. A sessile drop of deionized water 
is dispensed and its image is displayed on a computer 
monitor. The advancing or receding water contact angle 
of the water drop is then determined by computer 
software. An initial advancing water contact angle is 
the advancing water contact angle which is measured soon 
after the last intended polyelectrolyte or other solution 
is applied and dried. An advancing water contact angle 
of a substrate is measured before a polyelectrolyte 
coating is applied, and before the ionizing treatment, 
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e.q., plasma discharge, ir any 



An advancing water 
- , ^„ > - " aver is measured 



rcntact ancle or an 
a .-:er the ionizing treatment, ^ anv , 

. „„ , s acc'ied. The coatings of -he 
coivelectrclyte coating -s app--ea 

..nn -ause a reduction of at -east 20 , and 
Present invention .ause „ nntacr 



_ , - ne advancing -fate- c~n-a_ ^ 

angle, compared -i... -ne 

^Tw^ing or hydrophilicity detections . „pid 
absorption is generally less than 5 seconds, pre er ably 
,ess than 2 seconds, and more preferably .ess tha 

nd or a -action thereof, such as one-sxxth o. a 
second or a ,-ac„or generaliy more than 1 month, 

second. Storage periods are genera- y 
such as 3 months, 6 months, 9 months or 1 year, or 
on er. Some of the coatings are --leaching n n- 
ic, and noncvtotoxic according to USP XX- test 



methods 



Without ftttMr elaboration, it is believed that 

^acoH an ^he description 
one Ski-led in the art can. based -h 
..-.T «UU. the present invention to its -U-.es. 
'ex-ent. The following specific .wodiMnts are, 

to be construed as ..rely illustrative, an, 
not imitative of the remainder of the disc os -n an y 
, ay All publications herein are incorporated by 



reference 



VY&MPLE I 

Carbon-filled p— ^^^T^ 
an 0 2 P-.-;-— :^;» as subsequently 
Power at 13. do MHz. The tr nolV ethyleneimine 

. • - , i» amieous solution of poiyetnyxei 
placed into a 3, aqueous s soLutl0 n was placed 

(PEI) (Poly»in SNA, BASF Corp.)- The S ° L frOB 

c minutes to remove the trapped 
und er ™ ""' U 

the porous substrate. in d *. v i n g in 

PEI solution for 20 minutes and removed fo. d-ymg 
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air. The wettability cf the coated sample was then 
jeterainec using contact angle measurements. The coated 
surface exploited complete wettability while the 
untreated sample shewed a high water contact angle cf 
5 112°. Water drops were absorbed immediately into the 
coated polyethylene. 

EXAMPLE 2 

The stability of the hydrophiiic coating of the 
invention has been examined in aqueous and dry storage at 

o both room temperature and 50°C. After various storage 
times, the samples were removed from the storage 
environments, rinsed with water and vacuum dried prior to 
wettability analysis. Table I shows the time it took: for 
water drops to be completed absorbed by the coated 

5 material. The time measurement mechanism was accurate to 
one-sixth of a second, thus a 0-second entry represents 
less than one-sixth of a second. In a 6 month stability 
study, the results indicated that a stable hydrophiiic 
coating was obtained on carbon-filled porous 

: polyethylene. 
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EXAMPLE 2 

durability of the coating on the carbon filled 
polyethylene has also been examined using repeated 
ultrasonic washing m water. Coated samples were first 
iaaiersed m water under vacuum for 5 minutes, then 
uitrasomcally rinsed m water for three 10 rain, cycles, 
and vacuum dried prior to wettability analysis. Table :: 
shows the durability of the coating in repeated 
ultrasonic washing in water. The results indicated that 
the coating developed in this invention was durable over 
100 repeated washing cycles. 



WO 96/1W98 



PCTXS95/ 16539 




W O '>f>, IS49S 



PCTTS95/I65J<» 



EXAMPLE •; 

Porous polyethylene sneets were treated with 0, 
plasma for ;o minutes at 250 watts and 60 mTcrr. The' 
treated polyethylene was subsequently placed into a :% 
aqueous solution of poiyethyieneimme (?EZ) (Polyain SNA, 
3ASF Corp.; under vacuum for 5 minutes. The sample was 
then soared m the PEI solution for 20 minutes and 
removed for drying in air. The wettability of the coated 
sample was then analyzed using contact angle 
measurements. The coated surface exhibited complete 
wettability while the untreated sample showed a high 
water contact angle of 109°. Complete and rapid 
absorption of the water droplet into the coated material 
was observed. 



EXAMPLE 5 

Durability of the material obtained in Example 4 
was tested. Table Ii: lists the contact angle results 
for the treated polyethylene sheets. The results 
demonstrated that a tenaciously hydrophilic coating was 
cbta med . 



abie 



wettability of hydrophilic treated oorous 
polyethylene 



Sample ! Dry Storage After Coating at Room Temn. ! 




0 day 7 days 


14 days 


3 0 days 


122 | 
days i 


! C : plasma 
j treated/ PEI 
I coated 


0 o ! 0 o 


0° 


0° 


n o 1 

i 

1 



EXAMPLE 6 

Hard contact lenses containing silicone polymers 
were treated in a C0 2 plasma for 15 minutes on each side 
at 50 mTcrr, 30 watts at 13.56 MHz. A 1% PEI solution 
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3cl . nin watsrfree, BASF Cor?, was prepared m water anc 
-usted :c ?H 7.0 oy adding HC1. The samples were 



a 

S ° aKe .rarure and subsequently rinsed with water to remove 



»d m a ?EI solution for 10 minutes at room 



tempe: 
excess ?EI 



"XAMPLZ ~ 

^e samples obtained in Example 6 were further 
^insed Jith ohcsphate buffered saline prior to autoclave 
ste- nation. The sterilization was performed at 121-C 
^ 30 mm. The contact angles for treated lenses are 
-sted in Table IV. The reduced contact angles revealed 
-hat the coated lenses became hydrophilic. In addition, 
the hydrophilic coating remained stable even after 
autoclave sterilization.. The hydrophilic-treated contact 
lenses had an advancing water contact angle of 51- r 4 
and a receding water contact angle of 38' r 5. 

SAMPLE 8 

Dry hydrogel contact lenses containing silicone 
polvmer are hydrophobic. Tc improve surface wettability, 
such lenses were first treated in C0 2 plasma for 10 
,-nutes cn each side at 50 mTorr pressure, 100 watts 
po wer at 13.56 MHz . The lenses were then placed into a 

aqueous solution of PEI (Pciymin, Waterfree, BASF 
Corp.) and allowed to soak for 20 minutes at room 
; temperature. After soaking, the samples were rinsed m 
water 5 times and dried in air. 

e-YAMPLE 9 

Water contact angle measurements were used to 
determine surf ace . wettability of the treated contact 
o lenses in Example 8. Stability of the 

coatings was evaluated under repeated washing solven 
extraction and autoclavmg conditions. In each washing 
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oy--e, the samples were rmsec ultrascr^callv in fresn 
water for :: -mutes. Extraction 



was c a r r i e 



d out 



ocnciticns wer- 



methanol for 



the treated saap.es 
- ~ hours. Au toe laving 
ror 20 minutes. Tanle v lists 
the water contact angles for the treated contact lenses. 
The results shown in Taoie 7 indicate that a significant 
reduction m water contact ancles was observed on the 
treated lenses prepared according to the invention. 
Lenses treated with this invention, on the other hand, 
exhibited only a small decrease m wettability initially 
and resistant to long term repeated washing. In 
addition, the coated lenses remained hydrophilic after 
extraction m methanol and exposure to autoclave 
conditions . 



:able iv. 



Water contact angles for the coated 
hydrogel lenses 





C0 2 /PEI 


Plasma 
Treated 


0 : Plasma 
Treated 






! ! Sample 


Advancing 


■' Receding 


Ad vane ma 


; Reced 


mg ' 


i Treated 


24°: 1 


1 17° t l ! 


2 9 ° t 1 


j 20°r 


I j 


\ Treated/ 

Washed 5 1 
cycles 1 


6?°c 2 


! ' 

, 21- 1 , 

f 


95°r 1 


n C a * 

1 " " 


1 ! 


Treated/ j 
Washed 15 ! 
j cycles | 


67°t 3 


24°; i [ 

! 
) 




39 °r 


i | 


j Treated/ 

| Extracted | 


50 0 o 1 


1 

1 

3 2 °f 1 | 


115 3 t 1 


40°: i 


| Treated/ 

1 Autoclaved ! 


30°r 4 


9°r 1 1 


112- 1 


33 3 r 


1 | 



EXAMPLE 10 

Non-woven polyester and polypropylene fabrics were 
treated in a C0 2 plasma for 20 minutes at 50 m Torr , 100 
watts power at 13.56 MHZ. The fabrics were then soaked 
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. ion 



rccr. temperature to: 



pr: ?c.-^i", SNA , 3ASF Corp.) at 
: 20 ainutes, then onec overnight 



r!XAM?L: 



wettability of tne samples obtained Example 10 
-as -xa.ined using water contact angle measurements 

n -ab^e "/ After overnight drying, the samp.es 

:r r^ascnicanv 

minutes each. Tbe results indicated that ar 

.. Jfa n with this invention were duraoly 
surfaces treated with 

nvdrochi 1 ic . 



Tan 



le V. Wet 



tability of treated non-woven fabri 



cs 




cvaMPLE 12 

Biodegradable poller powders containing 
^-vcoiic acid CPCA) and polyactic acid (PI*) ^ 
a^vdrophobxc when dry. Such poller powders canno 
a.e nvcuopnu D olyroer powders were 

with water. Fifty gram o. the poiyro v 

^«r- And r-eated with an acryli- 
?la = e a in . — Y 2Vs~ or 30 .inut... A««r 

.cid Pi— «t 100 -rorr. 0 -at ^ ^ 

* " 1Utl ° B 4: wl « — ed .V 

--i the treated ccwders. ihe so-ve.u 

„„ - he coated PGA-PLA powders became 
vacuum evaporation. -he coa r , ther than 

~i,=> ua ter was absorbed, ratner tnaw 
wettable. For example, water was 

, ho ;u ^ ace 0 f a sample of powder, 
ceadmg on the sa-.ace 

Tro. tt. a6 ove" desertion, one sKUled - «- 
C an ...11, .«=.«.!« «. ..«nti.l ° £ 
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present invention, and without departing form the spirit 
and scope thereof, can make various changes and 
modifications of the invention to adapt it to various 
usages and conditions. Thus, other emoodiments are also 
within the claims. 



What is claimed is: 
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: . a hydrophilic article for use in aqueous 

environments, comprising 

a porous substrate; 

an ' ionic polyene layer on said substrate 

and 

a disordered poiyelectrolyte coating 
icnically bonded to said polymeric layer. 



2 



The article of claim 1, wherein a drop of 
•o water placed on said coating is absorbed m less than 1 
second after said article is subjected to dry storage a< 
25°C fcr 2 months. 
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. e wi . - - a _ r. 2, wnere m 

? oi -™ er " ^yer comprises a polymer selected 
rrcm the group consisting of fA j polvetnvlene , 
polypropylene, polystyrene, polyester, polycarbonates 
= silicone polymers, oolyuretnane, polyamides, poiyimides, 
pciyaikyiacry lates, polyaiky lmethacry lates , and 
flucrocarbcn polymers; (BJ poly-2- 
hydroxylethylrnethacrylate, polyhydroxylalkyl 
methacry lates, polyhydroxylalkyl acrylates, polvacrylic 
0 amides, polymethacrylic amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; (C) ' 
polylactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones, poly (glycolide-co-trimethylene 
carbonates) , polyethylene carbonates, 
3 poiyiminocarbonates, pol y -0-hydroxybutyrates, oolyester- 
amides, polyorthoesters , polyanhydrides , and 
cyanoacrylates; and (D) copolymers of members of (A), (B) 
and (C) ; and 

said polyelectrolyte coating comprises a 
polyeiectrolyte selected from the group consisting of 
pclyethylensimine, polyammoalkyi methacry late , 
poiyvmylpyridme, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfonic acid, polyvinyl 

sulfate, Polyacrylamido-2-methyl-i-propanesulfonic acid, 
and polystyrene sulfonic acid. 

4. The article of claim 3, wherein said article 
is a retaining matrix. 

5. The article of claim i, wherein a drop of 
water placed on said coating is absorbed m less than l 
second after said article is subjected to aqueous storage 
at 50°c for 2 months and dried. 
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. ^ , ^ 5 wherein 



6 . ^.Il^riave;;^^ a po^e, select 

sal a -- c -'"' 7 cf ;A , ?olye thylene, 

-rom the ?r=u? consist- m ,. /es - e . polycarbonates, 

S vdroxylethylm«M=rylat:e, Y polyacrylic 

^nacrylates. ^ lynydrMY ^ 7'po y-nyl .leohol.. 

♦•harrvlic amides, po-y^ j 

» ?Gl ™ d . and polyvinyl pyrrolidon.: (O 

polyetnylene o«id., and P Y poly , ly = 8 Ud.-«- 

lac -ia«. pclydi^anone,. e^^Y 

■ 5 poiyimmocarbcnates, P ides , and 

amides, polyorthoesters , poly«hY q£ (A) , (3) 

cyanoacrylates; and (D) copolymers 

and ;C); and „ n q comprises a 

u-^- • r 1 ^;::;; 
r:re B T='i:rc;yr:.r-/--, 1 - 1 - P » P an« ul£ cn 1 = ~, 

. , c „., ene sulfonic acid, 
and poiysw.y^ene 

f claim 6, wherein said article 
7 . The article of claim o, 

is a microcarrier. 

ricle of claim 1, wherein a drop of 
" d coat-, is absorbed in less than - 

water placed on said coat.ng de ionized 
3C S ec=nd after 30 ultrasonic wash cycle 



water 
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9 . 

water ciaced 



•^e article of claim 



wnereir. a drop of 
n less than ; 
rascr.ic wash cycles with deionized 



:n said coating is absorbed i 
seconds after 6C ; 
water . 



j-0. The article of claim 3, wherein 
said polymeric layer comprises a polymer selected 
from the group consisting of (A) polyethylene, 
polypropylene, polystyrene, polyester, polycarbonates 
silicone polymers, poiyurethane , polyamides, polyimides 
:c polyaikylacrylates, polyalkyimethacrylates , and 
fluorocarbon polymers; (B) poly-2- 
hydroxyiethy Imethacry late , polyhydroxylalkvl 
methacrylates, polyhydroxylalkyl acrylates! polyacrylic 
amides, polymethacrylic amides, polyvinyl alcohols 
s polyethylene oxide, and polyvinyl pyrrolidone; (C) ' 
polylactic acid, polyglycolic acid, polyglycoiide-co- 
lactides, polydioxanones, poly (glycolide-co-trimethvlene 
carbonates), polyethylene carbonates, 

polyimmocarbonates, pcly-tf-hydroxybutyrates , polyeste- 
: amides, polvcrthoesters , polyanhydrides , and 

cyanoacrylates; and (D) copolymers of members of (A) .'3) 
and (C) ; and ' ' 

said pclyelectrolyte coating comprises a 

polvelectrolvt° seiei-roH *u 

yu selected iron the group consisting of 

polyethyleneimine, polyammoalkyl methacryiate, 
polyvmylpyridine, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfomc acid, polyvinyl 
sulfate, Polyacrylamido-2-methyl-i-propanesulfonic acid, 
and polystyrene sulfonic acid. 
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^ d lo^r-c'^r'^r,... a poly--- select 
.„„ ZM croup cons^na ci iA, polygene 
oolypropylene, polystyrene, P"-/"^' • * oolyiaides . 
s .--ccne ooly^ers. polyurethane , pol/am-des, ,o.y 
ocIvaUylacrylates, pclyalKylmethacry lates , and 
-uorocaroor. polymers; (B) poly-2- 

,», 3 ^vi3tes oolyhydroxy ia-*y- 
aethac-/-ates, P y* Dolvv invl alcohols, 

amides, nolymethacrylic amides, polyvir 
polyethylene oxide, and polyvinyl pyrrolidone (C) 

Ic--- ac^d polyqly==lic acid, polyglycolxde-co 
pclyiac— ac.d, poiyg , alvco n de-co-trimethy lene 

lactides, polydioxanones, poly (glyco-.ae c 

««t vrorhvi ene carbonates, 
carbonates), polyetny-ene „„,.,-,,«s poiyester- 

POiyimmocarbona-..., pcly-3-hydr^yPut/.a.es. P 
' Lido. polyo«ho««r.. poiyanfcydrid.s, and 

".no.crYl.t-; -d (0, copoly-r. of — «• ~ 3 ' 

- ^-^J^yte^ected «--« tf» ° £ 

oo.yv^pyrid.ne. po^ysine. *1Y«^ ^ 
pe^cryuc .=i«. Po Y« - _ ; ; ^ tonie . ei4 . 

sulfate, polyacrylamido-2-metnyl . P* . 
:s and polystyrene sulfonic acid. 

12 The article of claim 11, wherein said 
oolywric layer is selected from polyester, 
Polvcropylene, polyethylene, polystyrene tic 
po^ethylmethacrylate, polyene ac d an poly 
3c acid; and said polyelectrolyte coating comprises 
coiyethy leneimine.. 

„. Th. «ti=l. .« eUi. X. «» " tlCle 

is a retaining matrix. 
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The article of clam wherein said article 
is a microcarr ler . 



15. A hydrcphilic article for use in aqueous 
environments , comprising 

a particulate substrate; 

an ionic polymeric layer on said substrate; 

and 

a disordered polyelectrolyte coating 
lonicaily bonded to said polymeric layer. 

16. The article of claim 15, wherein a drop of 
water placed on said coating is absorbed m less than 1 
second after said article is subjected to aqueous storage 
at 3 7 °c for 3 months. 

17. The article of claim 15, wherein the 
advancing water contact angle of said coating is less 
than 75° after 30 ultrasonic wash cycles. 

IS. The article of claim 16, wherein said 
substrate is porous. 

19. The article of claim 13, wherein said article 
is a microcarr ler . 
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_ . _ ^ - a 19, wherein 
->n The article — ' 

■ ^^-ses a oclyaer selected 

sail ccl^er:: .aye- ----- 



L stma c: fA, polyethylene, 



--cm the srcuc cons. . 

oolvcropvlene, polystyrene, polyester, polycarbonate^ 

s-l'-'coneccl^rs, ? c lyurethane , polyamides, polyiaides, 

• - ■^••■ates aoiyalfcvlmethacryiates. and 
poiyalKy.acry -ates , 

'iuorocarbon polymers; (B) poly-2- 
.vdroxyiethylmethacrylate, polyhydroxy laUcy 
.ethacrylates, polyhydroxylalKyl acrylates , polyac Y 
abides, pol^acryUc amides, polyvinyl alcohols, 
polvethylene ox.de, and polyvinyl pyrrolidon. (C, 
oolyuctic acid, polyglycolic acid, 

lactides, polydioxanones, pcly (glycoiide-co-tr^y.ene 
carbonates), polyethylene carbonates, nolveste .. 
s coWimmocarbonates, poly-S-hydroxybuty rates , polyeste. 
"amides, polyorthoesters , polyanhydr ides , and 
cyanoacrylates; and (D, copolymers of members of (A,, ,3, 

and (C) ; and 

said polvelectrolyte coating comprises a 
- ^electrolyte 'selected fro, t,e group consisting or 
oclve-nvleneisine. polyammoalXv 1 methacry late , 
Iclvvinvlpvridxne, pciylysme, polyacrylic acid, 
^e-hacrvlic acid, polysulfonic acid, poiyvmy- 
sulfate, poiyacrylamido-2-methyl-l-propanesulfomc acid, 

:s and polystyrene sulfonic acid. 

2 , The article of claim 20, wherein said 
polymeric layer is selected from polystyrene 
' ^ethyimethacrylate, polyglycolic acid and poiylac- 
acid; and said polvelectrolyte coating comprises 
3C polyethylene iinine. 

22. The article of claim 15, wherein said artic 
is a retaining matrix. 
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A i h .yjrcpn.l:c cicmedicai article far use with 
aqueous environments , comprising 

a biomedical substrate; 

an ionic polymeric layer on said substrate; 

and 

a disordered polyeiectrolyte coating 
icnically bended to said polymeric layer; wherein the 
initial advancing water contact angle of said coating is 
less than 56 0 . 

24. An article of claim 23, wherein the advancing 
water contact angle of said coating is less than 60° 
after said article is autoclaved at I25 3 C for 15 minutes, 
and then allowed to cool to room temperature. 

25. An article of claim 22, wherein the advancing 
water contact angle of said coating is less than 60° 
after said article is autoclaved at 125°C for 30 minutes, 
and then allowed to cool to room temperature. 
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. p — - ^a:- 25 , wnerem 

l^-.^e-ic lave: comprises a polymer selected 



- ... r:u: : = r.s;st:r.q cf :A; polyethylene, 
" ""' ' ^■,, (1 e. e r ociycarDonat.es, 



_ 3pe ^ c ,.^ ers , pclyuretnane, polyam-des, polyimides, 
S ':" C3r ; e .-.^lV- a - es "oolvalkyimethacrylates, and 
orccarbcn polymers; ' B ) poly- 2- 

m'des, poiymetr.ac^ » -j.- 

' ^ . „ lvv , nv i pvrrclidone; (C) 

nnivprhv^ene carbonates, 
carbona tes,, P°- ye - hy ; , v . fl . nvdroxvbutyrate s, pclyester- 
pclvimmocarbcnates, ?o^y U nya- . 

* , -..-*™»<=-e'-s ooiyanhydrides, and 

,.;hp S pclvcrtr.oes we- s , .^-i _ 

ryrnoacryla'wes; and (D) copolymers of ^ers or (A, *»> 

'saTd ooivelecrrolyte coating comprises a 
: oolvelectrcl^e select fro* - g rou ? c 
.olyethyleneim.ne, poiyammoaiKy 1 -t^ . 
" w „.~- 0 y--dine, oolylysine, po.yacryli- ac.d, 
? ^ac^ic ac.d. oclysulfonic acid, polyvinyl 
polype -i«c..— - 1 . 1 . pr3oa ne«uLfoni= acic, 

sulfate, polyacrylamiao-2-metnyi p . 

:s and polystyrene sulfonic acid. 

.. , .,*i,, e cf claim 26. wherein 
The bionedica- a_ w-w-<= 

said pelvic layer i. . poly-r or cpoly-r of 

or a poxy^r or ^ =' ^ " . : „ d 

- DO w-^.v=.roxvl-eMyi.»«hacrylate.- ana said 

J ~ ' ' ~ ■ „ , <- oolvethyleneimine. 

polyelectrolyte coating ^ polyew y 

t ar t,rie of claim 2?, wherein 
28. The biomedical article 

- Hc-rate <s an ophthalmic substrate, 
said biomedical subs-rate -s 
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- a ., . 29 ' =12me ^^- article of claim 22, wherein 

.\;; :; at " 9 has an ad — ? — ang i. iess 

-war. 0° ar^e*" * 1 via it t ^ ^ _ 

., ater . - ' " e --"«:= wasn cycles with lionized 



2C. The biomedical article of claim 22, where--, 
Sa: " an ^vancing water contact angle less 

than 70" after fifteen ultrasonic wash cycles with 
deionized water. 



31. The biomedical article of claim 30, wherein 
- _ said polymeric layer comprises a polymer selected 

from the group consisting of (A) polyethviene, 
polypropylene, polystyrene, polyester, polycarbonates 
*i-icon. polymers, pclyurethane , polyamides, polyimides 
Pdyalkyiacrylates, polyallcylmethacrylates, and 
fluorccarbon polymers; (B) poly-2- 
hydroxylethylmethacrylate, polyhvdroxylalkyl 
-ethacrylates, polyhvdroxylalkyl acrylates, polyac-y-c 
amides, P o lymethacry lie amides, polyvinyl alcohols 
polyethylene oxide, and polyvinyl pyrrolidine; (C) 
pcylactic acid, polyglycolic acid, pclvglvcolide-co- 
-actides, polydioxanones, poly (glycolide-co-tnmethyiene 
carbonates;, polyethylene carbonates, 

cclyimmocarbonates, poly-0-hydroxybutyrates , polveste- 
amides, poiyorthoesters . polyanhydrides , and 
cyanoacrvlates; and (D) copolymers of members of fA ) (3 ) 

and (C) ; and ' ' 

said poiyelectroiyte coating comprises a 
pciyelectrolyte selected from the group consisting of 
poiyethyieneiaine, poiyaminoalJcyl methacrvlate 
polvvmylpyridine, P olyly Slne , polyacrvlic acid 
polymethacrylic acid, P oly S ui foni c acid, polyvinyl 

sulfate, Polyacrylamido-2-methyl-i-propanesulfomc acid 
anc polystyrene sulfonic acid. 
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laim 2 1, wnerem 



^he oiomedica. article cf 

/I,',, "~ i ave - is a polymer or copolymer of 
sa;a oo.ymer-- ^aye- f ^ 

, nr -onolaer of poiy-^- 

s^licone or a polymer or ~opo-/ 



Po'iye":e=--r=:y : - e coat in, polyethy lenel-ine . 



xyletny. Tie--. j 

..-hydrcxyl-ethylmethacrylate; and said 



*rt^cle of claim 31, wherein 
t 3 The biomedical article 

he »„ te < s an ophthalmic substrate, 
said biomedical substrate an y 

34 The biomedical article of claim 23, wherein 
,,e advance water contact an.le of said substrate is 

greater than 95° . 

35> The biome dical article of claim 23, wherein 

the advancing water 
areater than 110° . 



contact angle of said substrate is 
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36. The c:omeG;:ai article of claim 34, wnerem 
sa^d polymeric layer comprises a polymer selected 
from the group consisting of (A) polyethylene, 
polypropylene , pc lystyrene , polyester , polycarbonates , 
silicone polymers, po iyurethane , polyamides, poly imides , 
pclyaikylacrylates, po lya Iky Imethacry lates , and 
fiuorccarbcn polymers; (B) poly-2- 
nydroxylethy Imethacry late , polyhydroxy lalky 1 
methacryiates, polyhydroxy lalky 1 acrylates, polyacrylic 
amides, polymethacry lie amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; (C) 
pciylactic acid, polyglycolic acid, poiygiycolide-co- 
lactides , polydioxanones , poly (glycolide-co-trimethy iene 
carbonates) , polyethylene carbonates, 

poly iminocarbonates , poly-/?-hydroxybutyrates , polyester- 
amides, polyorthoesters, polyanhydrides , and 
cyanoacryiates ; and (D) copolymers of members of (A), (B) 
and (C) ; and 

said polyeiectroiyte coating comprises a 
poiyelectroiyte selected from the group consisting of 
poiyethyleneimine, polyammoalkyi methacry late , 
polyvinyipyridine, polylysine, polyacrylic acid, 
pciymethacrylic acid, polysulfonic acid, polyvinyl 
sulfate , poiyacryiamido-2-methyl-l-propanesulf onic acid , 
and polystyrene sulfonic acid. 

37. The biomedical article of claim 36, wherein 
said biomedical substrate is an ophthalmic substrate. 



INTERNATIONAL SEARCH REPORT 



Inirnuuorui «Dpucauon No 

"rS95M6539 



CLASSIFICATION OF SL-BJECT MATTER 
PC.6. P'cmmc See Enj» Shc« 
'- S CL ?'cut Sec Eun Shea 

r 1 """" 1 "" l PC ,r J ^ -uuion«i cuji.nctuon u,a ;PC 

8 HELPS SEARCHFD 



1 °^ Um «««" -Uow« 3y ^. llicJ1J0n , vmoou| 



£!cc!ron ^ — 

-s ^ >IC . oontnalm , c , 301veth¥(ene ,_ e 3oive|ec;ro(yte - - ■ — — — — 




US. a. 4,436.730 (ELLIS ET AL) 13 March 1984 see 
column 2. „n es 18 . 26> column 2 , |ne g6 ^ 3 J~ 



1-37 



! Y 



| US A , 5.039.421 (UNDER ET AL) 13 August 1991 se p 1.37 
column 7. „ne 28 to column 8, line 18; column 15. lines 2l" ' 



1 cotmn 5 5°f 9 ' 2 R 8 , 2 ,LINDER ET AU 17 Seotember 1991. see 

l column S I t0 C0 ' Umn 3 ' Nne 3; C0,umn 4 " ^ to 

l column 5, ;me 8. 



j ^ gj " i " f JOCUmC " U >re " "* of Box C. Q Scep^f-u,, 



1-37 




Dtu: 3i j^c actual completion of t n e international jcarcn 

:: march 



Mri V* OH 

*»<«• W I ) 

of the mm pmm family 
Date oT mailing of the uiiernauonai : 




Q2 apr me 



Jearcn report 




> «-(«■!' it>ECHER ET .-a) 04 May 1993. s= =o""™ 

j 10, line 6; column 10. lines 55-64. 

S US. A. 5.380.303 i HOLLY ET AL) 10 January 1995. see co.umn 

i 3, lines 17-30. 



INTERNATIONAL SEARCH REPORT 



| tmcrruuooAi »ppuc*uon s n 

! PCTX*S95/!6539 



A CLASSIFICATION OF SUBJECT MATTER 

.'PC 6; 



33:b 5 i6. J 2~;(k. r.'og — u r-a :o — ^ —-34 

48 '0. G02C ~04 



"36. ;"/4o. aoic :9,oo 



4 06 4-» 



a classification of subject matter 

LS CL 



4:8/304 4 407. 4i:, 42!. 424 :. .24 4. 4:4 r 447 4 5 i. 475 5. 476 3 4*3 <!5 516 ^0 - 
-00 :? 500 34. 500 3J. 500 42. 351/ 160 H ' 



2 10/490 500 ; 500 11 



Form PCT ISA.210 i exist snecuiJuly 1992)* 



